Time-resolved in vivo measurements of blood flow in individual vessels of a capillary network are of great importance in many fields of neurobiological and tumor research. Kleinfeld et al. (1998) achieved measurements of instantaneous red blood cell (RBC) velocity and flux in single capillaries with axial line-scanning (ALS), where data is collected by repeatedly scanning along a single vessel at a very high rate with a two-photon scanning microscope. Allowing for curved trajectories can further extend the capabilities of laser scanning microscopes. In this work, we propose a double circle scanning trajectory for RBC velocity measurements in a cerebral capillary network. Centered on the bifurcation, the microscope scans alternately along an inner and an outer circle such that each vessel is crossed twice in a short time interval and at two different locations (Figure 1a ). In the stack of scans of 250 pixels repeated at 1.3 kHz passing red blood cells appear dark compared to the fluorescent plasma (Figure 1b ). Matching sequences of dark and bright sections in the two bands that represent first and second passage of a vessel (e.g. tracks 1 and 4 in Figure 1b ) allows determining the RBC velocity for each capillary. For processing, the branches of the bifurcation are treated sequentially by extracting the two corresponding vertical stripes from the stack. The two stripe patterns of passing RBCs are then matched piecewise against each other using a Particle Image Velocimetry (PIV) algorithm. From the timing sequence and the recorded scanning mirror deflections, each match in the measurement image can be associated with a time and a position in physical space, so that the RBC velocity can be calculated. Both experimental and synthetic datasets were used for development and characterization of the method. The experimental data was obtained from the cerebral capillary network of mice with a two-photon laser scanning microscope. The synthetic scan data was generated based on the numerical results from a two-phase model for the perfusion in a capillary network (Obrist et al., 2010). Synthetic images were constructed from the instantaneous calculated position of RBCs in the network. The calculation of RBC velocities (Figure 2 ) from both datasets proved to be sufficiently robust. With significant differences in image quality, RBC numbers and velocities, the parameters for post-processing (i.e. PIV window size and search range) need to be adapted between different experiments and have to be adjusted by trial and error until a subjective optimum is found. The achievable accuracy and time resolution which likewise depend on the experimental conditions are estimated to be in the range of 1 μm/s and 0.1 s, respectively. With this, the method seems close or equivalent to ALS but offers the additional capability of measuring several capillaries in a bifurcation simultaneously. 
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